



























































(Fukui	 et	 al.	 2009),	 termed	 the	 ‘locomotor	 aftereffect’	 (LAE)	 (Reynolds	 and	Bronstein	
2003;	 Reynolds	 and	 Bronstein	 2004;	 Bronstein	 et	 al.	 2009)	 that	 results	 from	 prior	
adaptation	 to	 a	 moving	 escalator.	 The	 LAE	 occurs	 despite	 prior	 knowledge	 that	 the	
escalator	 is	 broken	 and	 will	 not	 move	 (Reynolds	 and	 Bronstein	 2003;	 Reynolds	 and	
Bronstein	2004;	Bronstein	et	al.	2009).	 Indeed,	 transcranial	direct	 current	 stimulation	
(tDCS)	 applied	 over	 the	 motor	 cortex	 before	 the	 adaptation	 task	 has	 been	 shown	 to	
enhance	the	LAE	(Kaski	et	al.	2012),	suggesting	that	the	aftereffect	relies	upon	cortical	
processing.	The	terms	‘adaptation’	and	‘motor	(skill)	learning’	often	fall	under	the	general	
term	 ‘motor	 learning’	 (Krakauer	 and	Mazzoni	 2011).	However,	 in	 this	manuscript	we	





that	 takes	 longer	 to	 achieve.	 The	 expression	 of	 the	 LAE	 is	 best	 described	 as	 adaptive	
locomotor	learning,	with	repetition	resulting	in	better	performance	(motor	adaptation)	
as	well	as	the	formation/alteration	of	motor	strategies	(learning)	(Bastian	2008;	Taylor	
and	 Ivry	 2012).	 The	 acquisition	 and	 expression	 of	 motor	 skills	 necessarily	 involves	
different	 neural	 processes;	 acquisition	 relies	more	 upon	 attention	 resources	 than	 the	
expression	of	 a	 learnt	motor	 skill	 (Brashers‐Krug	et	 al.	 1996;	Shadmehr	and	Holcomb	
1997).			
	





for	 their	 execution	 (Liao	 and	 Masters	 2001).	 Studying	 the	 LAE	 whilst	 imposing	 a	
secondary	cognitive	task	(i.e.,	dual‐tasking)	in	the	adaptation	(MOVING)	and	aftereffect	
(AFTER)	 phases	 allows	 us	 to	 address	 this	 question	 (Mazzoni	 and	 Krakauer	 2006).	 If	
implicit,	the	LAE	would	be	mainly	unaffected	by	dual‐tasking	because	adaptive	locomotor	


























tracking	 system	 (Polhemus,	 VT,	 USA)	 sampled	 at	 250Hz.	 The	 movement	 sensor	 was	
secured	 at	 the	 level	 of	 the	C7	 vertebra	 to	measure	 linear	 trunk	displacement	 and	 the	




























approximately	 3.7m	 in	 4.2s;	 maximum	 velocity	 of	 1.4m/s	 was	 achieved	 at	 1.3s.	











and	 colours,	 in	 this	 order,	 prior	 to	 hearing	 the	 starting	 “beep”	 and	 to	 repeat	 the	 task	




of	 a	 plant	 with	 a	 savoury	 flavour”.	 Where	 common	 ambiguities	 existed	 in	 fruit	 and	
vegetable	 categories	 (e.g.	 tomato),	 such	 responses	 were	 accepted	 as	 being	 correct.	
Participants	were	randomly	assigned	to	three	equally‐sized	groups:	the	‘control’	group	(7	
females/5	males;	mean	age	25	years)	performed	no	dual‐task,	 the	 ‘Dual	Task	MOVING	
(DTM)’	group	(5	 females/7	males;	mean	age	25	years)	performed	the	dual‐task	 in	 the	
MOVING	trials	only	and	the	‘Dual	Task	AFTEREFFECT	(DTAE)’	group	(6	females/6	males;	
















detected	 both	 from	 contact	 plates	 strapped	 under	 the	 feet	 and	 a	 sled‐mounted	
accelerometer.	Trunk	displacement	in	the	BEFORE	and	AFTER	trials	was	the	maximum	






integrated	 over	 a	 500ms	 time	 frame	 after	 foot‐sled	 contact,	 and	 analysed	 as	 the	 area	





























trials	 as	 it	 becomes	 very	noisy	 [1].	 To	demonstrate	 the	 presence	 of	 an	 aftereffect,	we	
compared	AFTER	vs.	 BEFORE	 trials.	 As	 the	 aftereffect	 is	mostly	 expressed	 in	 the	 first	
AFTER	trial,	we	compare	the	data	of	AFTER	trial	1	with	baseline	data	(i.e.	the	average	of	




The	 performance	 of	 the	 Cognitive	 task	was	 assessed	 in	 terms	 of	 an	 error	 percentage	
(number	of	errors/number	of	words	spoken	x	100)	per	attempt.	A	two‐way	ANOVA	was	
used	to	evaluate	error	percentages	in	the	MOVING	(DTM	group),	AFTER	(DTAE	group)	













































number’	 effect,	 [F(4,	 146)=8.50,	 P<0.001]).	 The	 rate	 of	 reduction	 in	 trunk	 sway	 was	















2010;	Kaski	et	al.	2012;	Tang	et	al.	2013),	 the	LAE	was	present	 in	AFTER	trial	1	 in	all	
groups		We	investigated	‘Group’	differences	by	one‐way	ANOVA.	We	found	a	main	‘Group’	
effect	 for	 the	 size	 of	 trunk	 overshoot	 [F(2,35)=4.05,	 P=0.027]	 (Figure	 2).	 Post‐hoc	
statistics	 showed	 smaller	 trunk	 overshoot	 in	 the	 DTM	 group	 compared	 to	 controls	
(P=0.021).	 There	was	no	 significant	 difference	 between	 the	DTAE	 group	 compared	 to	













attempts;	 error	%	=	 total	number	of	 errors/total	 number	of	words	 spoken	x	100).	As	





rose	 between	 attempts	 1‐5	 i.e.,	 a	 main	 ‘Attempt	 number’	 effect	 [F(4,	 165)=13.27,	
P<0.001]).	
	

























by	 a	 reduced	 LAE	 size.	 Hence,	 adaptive	 locomotor	 learning	 depends	 on	 appropriate	
attention	 resources	 and	 involves	 an	 explicit	mode	 of	 learning.	 This	 is	 consistent	with	
functional	 imaging	 studies	 that	 have	 shown	 activation	 of	 similar	 neuronal	 systems	
(dorsolateral	 prefrontal	 cortex	 (Holtzer	 et	 al.	 2011)	 and	 anterior	 cingulate	 gyrus	
(Shadmehr	 and	 Holcomb	 1997;	 Grossman	 et	 al.	 2002;	 Rosenthal	 et	 al.	 2009))	 during	
explicit	 motor	 learning	 and	 while	 performing	 cognitive	 characterisation	 tasks.	 In	






the	motor	 task	 in	 the	 AFTER	 phase	 i.e.,	 an	 automatic	 (or	 implicit)	 expression	 of	 this	
adaptive	learning	response.	As	indicated	by	Schmidt	(2005)	“Automaticity	is	any	process	
which	can	be	performed	without	interference	from	a	mental‐task	involving	(conscious)	
information‐processing	 activities”.	 Once	 learnt,	 certain	 motor	 strategies	 are	 executed	






probabilistic	 risk	 assessment	 (Green	 et	 al.	 2010).	 Breaching	 this	 contextual	 threshold	
releases	the	LAE	even	whilst	performing	a	secondary	cognitive	task.	Indeed,	introspection	






on	 a	 split‐belt	 treadmill	 (Malone	 and	 Bastian	 2010).	 The	 smaller	 trunk	 displacement	
aftereffect	 observed	 in	 the	 DTM	 group	 may	 thus	 relate	 to	 a	 constant	 level	 of	 deficit	
induced	by	the	cognitive	interference	(analogous	to	a	DC	offset,	in	engineering	terms)	and	
reflect	reduced	adaptive	learning.	Thus,	dual‐tasking	did	not	alter	the	rate	at	which	the	
motor	 task	was	 learnt,	but	 rather	 introduced	an	offset	 in	 the	adaptation	performance.	
Such	a	dissociation	may	reflect	a	temporal	difference	–	the	rate	of	adaptation	may	be	less	












cerebral	 dysfunction	when	 dual‐tasking	 (Beauchet	 et	 al.	 2009)	 interferes	with	 simple	










limb	 motor	 adaptation,	 performance	 of	 a	 cognitive	 task	 governed	 the	 level	 of	 motor	
learning;	 subjects	who	performed	 the	 cognitive	 task	well	 had	 reduced	motor	 learning	








processes	 have	 different	 levels	 of	 motor	 difficulty,	 perhaps	 leading	 to	 differential	
susceptibility	 to	 dual‐task	 interference.	 That	 the	 baseline	 group	 (cognitive	 task	 only)	
performed	 better	 than	 subjects	 in	 both	 DTM	 and	 DTAE	 groups	 (i.e.,lower	 error	
percentage)	suggests	that	the	motor	tasks	were	of	sufficient	difficulty	to	interfere	with	
the	cognitive	task	(and	vice	versa).	Although	we	cannot	comment	on	whether	differences	

















We	 have	 shown	 that	 the	 ‘broken	 escalator’	 paradigm	 involves	 an	 explicit	 mode	 of	
learning.	 An	 explicit	 mode	 of	 learning	 presumably	 offers	 flexibility	 to	 accommodate	








learning	 new	or	 challenging	 locomotor	 tasks	 during	 rehabilitation,	 patients	 should	 be	
encouraged	to	maintain	their	full	attention	to	enhance	adaptive	locomotor	learning.			
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